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The creation of carbon emissions trading markets is a core policy for realizing China’s twin
objectives of reaching a peak in CO2 emissions before 2030 and achieving carbon
neutrality by 2060. Given that industry is the most significant energy consumer and
CO2 emitter, it is imperative to implement carbon reducing initiatives to attain these goals.
Following the implementation of carbon emissions trading pilots in China, this article
theoretically analyzes the mechanisms of action and paths of influence of China’s carbon
trading policies on regional industrial carbon emissions. Then, regarding the trading rights
policies launched in 2013 as a quasi-natural experiment, this study uses provincial panel
data and industry data from 2003 to 2016 to empirically test the effect of carbon trading on
industrial emissions by employing the difference-in-difference and difference-in-difference-
in-difference methods. It was found that carbon emissions trading can promote a
reduction in regional industrial carbon emissions, achieving the dual aims of reducing
total emissions and reducing emission intensity. The reduction effect occurs after the
implementation of the carbon trading market policies. The carbon trading policies reduced
regional industrial emissions by optimizing regional industrial structures and increasing
regional technological innovation. It was also found that reductions in carbon emissions
were heterogeneous among industries. These research conclusions will help to improve
the top-level design of China’s industrial energy saving and carbon reduction policies and
to achieve low-carbon and green industrial development.

Keywords: carbon emissions trading policies, industrial carbon emission reduction, global climate governance,
function mechanism, difference-in-difference

INTRODUCTION

Climate change is a global issue that presents a significant challenge to human survival and
development. China has emerged as the largest greenhouse gas (GHG) emitter in total annual
emissions, to accelerate the pace of GHG emission reduction in China is important to the success of
global efforts in addressing climate change (Yang et al., 2022). As an important participant,
contributor, and leader in promoting global ecological conservation efforts, China has worked
tirelessly to build a “community of human and natural life” through practical action. In 2020,
Chinese President Xi Jinping gave an important speech during the general debate of the 75th Session
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of the United Nations General Assembly in which he emphasized
that China will scale up its Intended Nationally Determined
Contributions by adopting more effective policies and
measures and strive to reach a peak in CO2 emission by 2030
and achieve carbon neutrality by 2060. This This would represent
the highest reduction in carbon emission intensity globally and
the shortest transition from peak CO2 emission to carbon
neutrality in global history. China will need to work very hard
to transform its socioeconomic system to achieve these goals. As
the most significant contributor to China’s carbon emissions, the
industry must fully implement low-carbon and decarbonization
strategies, which are key measures of China’s climate governance.
Amid this struggle to achieve ambitious emission reductions and
reach a peak in CO2 emissions in key industrial sectors as soon as
possible, market-based environmental policy tools, such as
emissions trading have gained unprecedented importance,
especially since China set up carbon emissions trading markets
in 2013. The European carbon emission trading system is the
largest carbon emission trading market in the world, and the
carbon emission trading market based on China, the world’s
largest carbon emitter, has great development potential.
Therefore, the research on China’s carbon emission trading
market is of global significance.

The markets are a major part of a modern environmental
governance system. China’s early environmental governance was
based on command-and-control environmental policies, but it is
widely felt among economists that market-based tools can
achieve the internalization of externalities through market
transactions and economic incentives. Unlike the existing
literature on market-based environmental policies, which
mostly looks at emissions trading policies and traditional
industrial pollutants, this article focuses more on market-
oriented carbon emissions trading policies and industrial
carbon emissions reduction, to supplement existing research
on market-based tools and emissions reduction. A review of
the current literature on market-based environmental policies
and carbon emission reduction shows that domestic and foreign
scholars have mainly conducted theoretical studies on market-
based policies, empirical studies on the effectiveness of carbon
emissions trading policies in reducing pollution, and research on
the impact of environmental policies on carbon emissions
reduction.

Among the theoretical studies on market-based
environmental policies, Hahn and Stavins (2011) pointed out
that the emissions reduction cost effectiveness of a cap-and-trade
system is not impacted by initial allowable allocations, emission
source production technology, or the heterogeneity of emission
reduction costs, and that it is relatively strong compared to
traditional command-and-control environmental policy tools
led by the government. Looking at the effectiveness of market-
based policies, Schmalensee and Stavins (2019) pointed out that
pollution regulation has evolved from sole reliance on command-
and-control policies to greater use of emissions trading. Allen
et al. (2018). found that market-based environmental policies
have significant theoretical advantages, but due to a late start, the
current environmental policies of most countries in the world are
still command-and-control-based and only supplemented by

economic incentive policies. They also note that deficiencies in
the economic system and regulatory constraints on enforcement
also affect the effectiveness of market-based policy tools in
developing countries. Studies, such as those by Bell and
Russell (2002) and Kathuria (2006), have pointed out that the
effectiveness of economic-incentive environmental regulations is
mainly dependent on having a sound market environment and
forcibly promoting incentive policies in developing countries may
not have the predicted results. Hu et al. (2020) pointed out that
China’s relatively weak institutional environment makes the
implementation of market-based environmental supervision
particularly challenging.

In terms of empirical research on the effectiveness of carbon
emissions trading in reducing pollution, Schmalensee and Stavins
(2017) pointed out that economic incentives, such as carbon
emissions trading, are more effective and economical at
controlling pollution than traditional command-and-control
methods because of their implementation is more flexible
which can encourage enterprises to create innovative emission
reduction technologies and processes. Carbon pricing has been
hailed as an essential component of any sensible climate policy
(Kanamura, 2019). Internalize the externalities, the logic goes,
and polluters will change their behavior. Mackellar (2015)
suggested that carbon pricing should be a key measure in
slowing global warming. Research by Chinese scholars on
carbon emissions trading has mainly focused on China’s 2011
proposal to develop carbon markets. According to Tang et al.
(2020), the most researched topics in carbon trading literature are
the European Union’s Emissions Trading System, the world’s
largest carbon market, and China’s regional carbon markets.
Most quantitative research on carbon markets discusses price
discovery and the effectiveness of carbon markets as financial
markets (Joyeux and Milunovich, 2010), price formation and
influencing factors (Hammoudeh et al., 2015), and methods of
measuring market and policy risk (Blyth and Bunn, 2011), with
only a few studies on the effectiveness of carbon trading, as an
environmental rights market, at reducing emissions. For example,
Anderson and Di Maria (2011) found that the EU’s carbon
emissions trading plan reduced emissions by almost 3%, with
the majority of the reduction occurring in 15 EU countries. Many
empirical analysis results based on G6 countries, BRICs countries
and other countries have confirmed that green investment, green
technology innovation and renewable energy usage can play a
significant role in reducing carbon dioxide emissions (Jia et al.,
2021; Su et al., 2021; Xin et al., 2022). Other studies have also
focused on the carbon tradingmarket (Ren et al., 2022a; Ren et al.,
2022b; Liu et al., 2022; Shi and Xu, 2022).

In contrast, current Chinese literature on the effectiveness of
carbon emissions trading in reducing emissions is still relatively
small. Most consist of qualitative discussions, empirical
discussions, model predictions and simulations, or research on
specific industries or regions (Jeris and Nath, 2020; Xu et al.,
2022). There are relatively few empirical studies on carbon
emissions trading at the national level, but one such study by
Li and Lin (2020) pointed out that carbon emissions trading can
effectively promote a reduction in carbon emissions as well as
reductions in traditional industrial pollutants, such as sulfur
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dioxide, industrial wastewater, and solid waste, in pilot areas with
spillover effects. A study by Cui et al. (2018) found that carbon
emissions trading significantly promoted technological
innovation among enterprises, especially applications for green
patents. Hu et al. (2020) found that compared with other areas,
CO2 emissions in carbon trading pilot areas declined by 15.5%,
and energy consumption by regulated industries declined
by 22.8%.

Regarding research on the impact of environmental policies
on carbon emission reduction, because the issue of climate
change did not receive widespread attention until the 1990s
and because carbon emissions data involves complex
calculations (and such data is provided by different
international organizations and institutions), many scholars
have only begun to pay attention to the role of environmental
policies in reducing carbon emissions in recent years. The lack of
data means that most existing literature estimates the impact of
environmental policies on emissions through models and data
simulations. For example, Weng et al. (2018) simulated the
impact of different carbon intensity targets on total carbon
emissions and economic output. Lin and Jia (2019) established
a recursive-dynamic computable general equilibrium (CGE)
model to simulate the carbon emission reduction effect of
China’s power generation industry emissions trading system.

Very few studies have used carbon emissions data to
empirically test the effectiveness of environmental policies in
reducing emissions. Zhang et al. (2017) used per capita carbon
emissions to measure carbon reduction and found that despite
them being relatively new and market mechanisms being
imperfect, carbon emissions trading policies are more effective
than government command-and-control tools. Other studies
have used methods such as decomposition and attribution and
scenario simulation to determine the driving factors of carbon
intensity, which mainly include energy intensity, emission
factors, R&D intensity, and investment intensity.

In summary, Chinese and overseas scholars have conducted
many valuable studies on the effectiveness of various
environmental policy tools in reducing emissions. However,
this author believes that the following two aspects are still
urgently in need of research. First, more studies based on the
real-life situation in China are required to investigate the effects of
China’s carbon trading policies on regional industrial carbon
emissions. Much literature ignores the significant differences
between China’s emissions trading and its carbon emissions
trading policy design. They equate the two and put them both
in the basket of market-based environmental policies without
distinguishing and analyzing them. In addition, the
implementation of market-based environmental policies relies
on a sound market environment and incentive mechanisms. In
the early stage of using market-based tools in China, the market
was not at the level of developed countries, so the results of
targeted analysis today may be different from the past. Second,
the empirical research on the impact of China’s environmental
policies on carbon emission reduction based on scenario
simulation and prediction needs to be improved. Due to the
lack of official carbon emissions data, simulations and predictions
based on theoretical models are more sensitive to minor changes

in parameters, which can cause different or even contrary
conclusions. Moreover, the economy and government policies
are both dynamic, but parameters in simulation models do not
capture their dynamism, resulting in model conclusions that do
not directly apply to real-life decisions.

Following the research of previous scholars, this article
attempts to develop three elements: First is a theoretical and
empirical analysis of carbon emissions trading policies, including
a summary of the trading policy context, analysis of the role and
mechanisms of carbon emissions trading policies in promoting
regional industrial carbon emission reductions, and particularly
the structural and technical means of reducing emissions. The
second is empirical research to identify changes in the regulatory
intensity of carbon emissions trading policies and distinguish
between the planning and construction period and the formal
trading period of the market. This will be more in-depth and
specific than previous studies that only looked at regions and
years with and without pilot projects. Third, this study uses
China’s Carbon Emission Accounts and Datasets (CEADs),
which has relatively accurate and up-to-date data on China
but which has seldom been used in other studies, to
empirically test the effect of carbon emissions trading policies
in promoting regional industrial carbon emission reduction and
to more comprehensively reflect the level of, and principles
behind, carbon emission reduction in China. Analysis in this
study covers different provinces and industries and includes the
two indicators of total carbon emission reduction and carbon
emission intensity reduction. These innovations allow this study
to reach conclusions that differ from the existing literature,
contributing knowledge to this field. This study uses the most
common quasi-natural experiment methods to identify causal
effects in evaluating current environmental regulation policies.
Therefore, this paper regards China’s carbon emission trading
policy launched in 2013 as a quasi-natural experiment to evaluate
the effect of environmental regulation policy. In order to
comprehensively test the effect of China’s carbon emission
trading policy on promoting regional industrial carbon
emission reduction, this paper establishes a two-way fixed
effect model that uses (DID), difference-in-difference-in-
difference (DDD), and other methods to test the impact of
carbon emissions trading policies on promoting regional
industrial carbon emission reductions, with robustness tests to
ensure the reliability of the conclusions.

POLICY BACKGROUND AND
MECHANISMS OF ACTION OF CARBON
TRADING PILOTS
Policy Background
China began considering establishing carbon emissions trading
markets and announced that pilot carbon emissions trading
platforms were Shenzhen, Beijing, Tianjin, Shanghai,
Chongqing, Guangdong, and Hubei in 2011. Transactions
were launched in 2013. According to the China Carbon
Emissions Trading Network, the seven provinces and cities
involved in the pilot schemes traded 172 million tons of CO2
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equivalent between 2013 and 2019, worth a total of 4.3 billion
yuan, with both the transaction volume and transaction value
increasing year on year. It can be seen from Figure 1 that the
trading volume of carbon emission rights in the different cities
and provinces was very uneven. As of 2019, most transactions
were concentrated in Guangdong (40%) and Hubei (47%).
Tianjin and Chongqing, which have the lowest trading
volume, only traded 305 and 840 tons of carbon emission rights.

The total transaction volume across the seven pilot schemes
during the first three quarters of 2020 was 23.3 million tons, an
increase of 5.77% over the same period the previous year (22.03
million tons). The transaction value was 679 million yuan, a slight
decrease (−2.97%) compared to the previous year (700 million
yuan). The coronavirus pandemic affected all the pilot schemes,
especially in Hubei Province, which resumed trading more than a
month (23 March ) after the others. Nevertheless, due to its
relatively high daily average transaction volume (9.1 million tons)
and value of transactions (250 million yuan), the Hubei pilot
scheme retained its leading position among the seven pilot
regions, accounting for 38.90% of the total transaction volume
and 36.85% of the transaction value. In general, China’s carbon
emissions trading markets have not been significantly affected by
coronavirus, and they are operating steadily. With the launch of
the national carbon market for the power generation industry in
June 2021, carbon emissions trading is on the brink of
extraordinarily rapid growth.

Analysis and Hypotheses
This paper begins with a statistical analysis of industrial carbon
emissions and carbon intensity in pilot and non-pilot areas. The
results show that total industrial carbon emissions were higher in
both pilot and non-pilot areas during the pilot period

(2003–2012) than during the non-pilot period (2013–2016),
indicating that economic expansion led to increases in energy
consumption and carbon emissions. However, emissions in pilot
areas were lower than in non-pilot areas during both the non-
pilot period and the pilot period, with a multiplicative
relationship between them that expanded from 1.4 times
before the pilot to 1.7 times after the pilot. Economic growth
in the pilot areas did not bring about a sharp increase in industrial
carbon emissions, and industrial carbon intensity in pilot areas
declined much faster than non-pilot areas during the pilot period.
This tentatively shows that the pilot carbon emissions trading
policies may have been effective in reducing regional industrial
carbon emissions.

In addition, looking at features and administrative levels of
policies and regulations, there are differences in regulatory
intensity in different areas. At present, only Beijing, Shenzhen,
and Chongqing have formulated local regulations on carbon
trading. Other areas mainly manage their carbon markets
based on government regulations or departmental
documents. This difference in regulatory intensity is
transmitted through policies and reflected in the prices and
quota-turnover ratio of carbon markets, as shown in Figures 2,
3. The quota-turnover ratio is the ratio of the annual
transaction volume of a carbon market to the quota issued
for a specific year. It can be seen from the figures that there is a
correlation between carbon prices and the quota-turnover
ratio. Cities such as Beijing and Shenzhen have relatively
high carbon prices and relatively high quota-turnover
ratios. According to a 2016 report from the Green Finance
Committee’s Carbon Finance Working Group, the criteria for
evaluating carbon market development includes resource
allocation efficiency (carbon pricing effectiveness) and

FIGURE 1 | Trading Volume of Carbon emission rights in the seven Pilots 2013–2019. Notes: (unit: 10,000 tons of CO2 equivalent). Source: China Carbon
Emissions Trading Network.
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market operation efficiency (market liquidity) (Yang et al.,
2021a; Balezentis et al., 2021; Song et al., 2021; Yao et al., 2021;
Zhao et al., 2022).

Based on the previous, this study proposes the following
hypotheses.

Hypothesis 1: Trading carbon emissions rights promotes a
reduction in the volume and intensity of regional carbon

emissions, and the greater the regulatory intensity, the greater
the effectiveness.

China’s carbon emissions trading policies can be divided into
two time periods: the first is the period of policy planning and
local market preparation from 2011 to 2012; the second is the
period of formal implementation of the policy from 2013, when
trading began. Based on information transmission analysis, it can
be inferred that the information received and the expectations

FIGURE 2 | Carbon emissions trading prices of the seven pilots 2013–2020. Source: china carbon emissions trading network.

FIGURE 3 | Carbon emissions trading quota-turnover ratios of the seven pilots 2013–2019. Source: china carbon emissions trading network.
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formed by the enterprises in these two periods were completely
different, and the resulting decisions and behaviors of the
enterprises were also different. In the first period, due to
China being a large developing country, the value of foreign
experience in developing carbon markets was very limited, and
policy evolution was relatively slow. As for regulatory intensity,
after transactions officially started, companies had to rely on
extremely limited information to make judgments and decisions.
Some companies adopted a wait-and-see approach and took no
action to prevent losses. In the second period, electronic bidding
was introduced, which provided real-time changes and
announcements of carbon pricing. Companies could obtain
timely market supply and demand information such as pricing
and transaction volumes in a relatively liquid market. As a result,
this study proposes Hypothesis 2.

Hypothesis 2: Carbon emissions trading only reduced industrial
carbon emissions following the start of formal market
transactions, and reductions increased year on year.

The mechanism of action whereby carbon emissions trading
policies reduce regional industrial carbon emissions is primarily
based on the structural and technical effects of market-based
environmental policies.

In terms of structural effects, the existence and fluctuation of
the market price of carbon emissions trading cause changes in
enterprises’ cost-benefit structure, affecting polluters’ behavior.
Increases in emission reduction benefits and pollution costs
create economic incentives or cost pressures for enterprises.
Companies that are expected to emit more than the
government quota can choose to purchase the quotas of other
companies or seek to limit their emissions through structural
adjustments, optimization, and technological innovation. Due to
the increased certainty over future costs and benefits, it is possible
for companies to conduct effective long-term planning. When
companies know that pollution control costs and production
costs will rise due to carbon emissions trading policies, they will
adjust factors of production based on economic performance and
long-term development plans to reduce investment in high-
carbon sectors and products while increasing investment in
low-carbon sectors and products. This optimizes the efficiency
of enterprise resource allocation and the industrial structure of
the entire region. The industrial output of pilot industries
increases while the output of non-pilot industries decreases,
and the output ratio of non-pilot and pilot industries
increases. Thus, the industrial structure optimization effect of
carbon emissions trading policies promotes a reduction in
regional industrial carbon emissions.

In terms of technological effects, carbon emissions trading
policies enable companies to achieve more effective expectations
of the benefits of reducing carbon emissions through green
technological innovation and strengthen the economic
incentives for enterprises to make technological innovations.
Companies can calculate the cost and benefits of reducing
emissions and the impact on future economic performance
based on their production and operation conditions and the
trading volume and price trends of carbon emission rights in the
marketplace, which improves the efficiency of corporate decision-

making. Therefore, the carbon market encourages enterprises to
invest in emission reduction technologies and energy use
technologies to achieve technological innovations and low-
carbon production and reduce energy consumption and
carbon emissions per unit of output value. Moreover, the law
of market value plays a fundamental and decisive role in the
carbon trading market, which means mandatory supervision by
the government is significantly reduced, and the autonomy and
flexibility of enterprises in technological innovation are
enhanced. Enterprises will also be more willing and motivated
to improve production technology and create green innovations
to reduce emissions. If the carbon emission rights market
operates continuously, effectively, and stably, companies will
continue to create technological innovation and achieve
regional carbon emission reductions. The mechanisms by
which carbon emissions trading policies promote reduced
regional industrial carbon emissions are shown in Figure 4.

Hypothesis 3: Carbon emissions trading policies reduce regional
industrial carbon emissions by optimizing regional industrial
structures and promoting regional technological innovation.

In the mechanism of action analysis above, it is stated that
carbon emissions trading will optimize local industrial structures,
and companies may reduce their investment and production scale
in high-carbon industries, investing instead in low-carbon
industries, leading to an increase in the output value of low-
carbon industries and a decrease in the output value of high-
carbon industries. As well as changes to the structures of different
industrial sectors, this study also looks at the heterogeneity of
reactions to carbon emissions trading policies by industries with
different features. In the mechanism of action analysis above, it is
stated that carbon emissions trading will optimize local industrial
structures, and companies may reduce their investment and
production scale in high-carbon industries, investing instead in
low-carbon industries, leading to an increase in the output value
of low-carbon industries and a decrease in the output value of
high-carbon industries. As well as changes to the structures of
different industrial sectors, this study also looks at the
heterogeneity of reactions to carbon emissions trading policies
by industries with different features.

Based on this, we propose Hypothesis 4.

Hypothesis 4: The effect of carbon emission rights trading
policies in reducing carbon emissions differs by industry, and
the effect on high-carbon intensity industries is significantly more
significant than for low-carbon intensity industries.

RESEARCH DESIGN

This article regards the carbon emissions trading policy launched
in 2013 as a quasi-natural experiment and defines the six
provinces (Shenzhen is included in Guangdong Province) in
the carbon emission rights pilots as the experiment group,
with the non-pilot area as the control group. It uses the
difference-in-difference (DID) method to examine the impact
of carbon emissions trading in reducing regional industrial
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carbon emissions. Hu et al. (2020) pointed out that carbon
emissions trading pilot areas are geographically spread out in
eastern, central, and western regions of China, so they have
different economic environments. As the central government
determines the pilot areas, they have a top-down nature, so
the pilot carbon emissions trading scheme can be regarded as
a relatively good quasi-natural experiment.

Based on the above analysis, we constructed a DID two-way
fixed effects model:

emissionit � α0 + α1co2t2013it +∑
j

αjcontrolit + γt + μi + εit

(1)
Where i represents the region, t represents the year, γt represents the
fixed effect of the year, μi represents the fixed effect of the area, and εit
is the random disturbance term. The explained variable emissionit is
the reduction in regional industrial carbon emissions, covering the
two indicators of industrial carbon emissions volume and carbon
intensity. The key explanatory variable co2t2013 is the DID term. If
the coefficient α1 is significantly negative, the pilot carbon trading
scheme effectively reduces regional industrial carbon emissions.
Control is a series of other control variables, including the level of
economic development, openness to the outside world, industrial
structure, government investment in industrial pollution control, and
economic fluctuations.

During the planning and construction period from 2011 to
2012 and the formal implementation period after 2013, there
were differences in the regulatory intensity of the carbon
emissions trading policies, and there may also have been
differences in their effectiveness. To test the impact of
different stages and different regulatory intensities, this study
identified two stages and selected the annual average carbon
trading price indicators and quota-turnover ratio indicators to
construct Eq. 2 and Eq. 3.

emissionit � δ0 + δ1co2t1112it + δ2co2t2013pit

+∑
j

δjcontrolit + γt + μi + εit (2)

emissionit � θ0 + θ1co2t1112it + θ2co2t2013tit

+∑
j

θjcontrolit + γt + μi + εit (3)

The data used in this article comes from China Statistical
Yearbook and China Statistical Yearbook on Industrial Economy.
Carbon emission data comes from China’s Carbon Emission
Accounts and Datasets (CEADs). Due to a lack of certain
data, industrial sector data runs only to 2016, and data for
Tibet is missing. Table 1 shows the descriptive statistics of the
main variables. In addition to the variables in the benchmarking
and regression, it also shows the descriptive statistics of the two
intermediary variables of structural and technical effects in the
mechanism verification.

EMPIRICAL ANALYSIS

Testing the Effectiveness of Carbon
Emissions Trading Pilots
This study used the DID method to establish a two-way fixed
effects model for testing the impact of carbon emissions trading
policies on regional industrial carbon emissions. The results in
Table 2 show that carbon emissions trading led to a significant
decrease in regional industrial carbon emissions, simultaneously
achieving the dual objectives of reducing carbon volume and
carbon intensity. In addition, annual average carbon trading price
and allowance turnover are the two indicators of the liquidity and
effectiveness of different pilot carbon market The cross-product
coefficients of carbon trading, carbon pricing, and the quota-
turnover ratio are all significantly negative, which means that the
effect of carbon emissions trading is more significant in years
when annual average carbon trading prices and the quota-
turnover ratio are higher, indicating the importance of
increasing regulatory intensity. The coefficients of economic
fluctuations indicate that, areas which have higher economic
stability enjoy lower carbon intensity while the impact of GDP

FIGURE 4 | The mechanisms by which carbon emissions trading policies promote reduced regional industrial carbon emissions. This leads to Hypothesis 3.
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growth on total emissions are insignificant. This verifies
Hypothesis 1.

Parallel Trend Test
We conducted a dynamic effect test to reflect differences in the
effects of pilot carbon emissions trading policies in different years.
Following the event analysis method framework, a two-way fixed
effects model was used in Eq. 4.

emissionit � α0 +∑
2016

τ�2010 ατtreati × Dτ +∑
j
αjcontrolit + γt

+μi + εit (4)
Where Dτ is the year dummy variable, ατ is the coefficient
being focused on, and the meanings of the other letters are the
same as Eq. 1. It can be seen that Eq. 4 sets 2009 as the base
year for event analysis, so the specific meaning of the

coefficient ατ is whether there is a significant reduction in
carbon emissions between pilot provinces and non-pilot
provinces in τ compared with 2009. Specifically, if ατ is not
significant (the 95% confidence interval includes the null
value) before the launch of carbon emissions trading in
2013, a parallel trend is established.

Based on the regression results of Eq. 4 and Figure 5 shows the
estimated values of the coefficient ατ from 2010 to 2016 and the
95% confidence intervals. It can be seen that, in the first 3 years of
the carbon emissions trading policy, although there were
differences in industrial carbon emissions and industrial
carbon intensity between pilot and non-pilot areas, these
differences are not significant once regional economic factors
are controlled, so the parallel trend assumption in the DID
method is satisfied. This means that if carbon emissions
trading had not started, the carbon emission reduction trends
of the two groups (pilot provinces and non-pilot provinces)
would be parallel. Moreover, after the launch of carbon

TABLE 1 | Variable explanations and descriptive statistics.

Variable Variable explanation Sample Mean St. Dev. Min. Max.

lnco2emi Regional industrial carbon emissions (10,000 tons) logarithm 420 9.681 0.848 7.039 11.208
co2inten Regional industrial carbon intensity (tons/10,000 yuan of industrial output value) 420 2.042 1.729 0.207 14.887
lnpergdp Per capita GDP (yuan) logarithm 420 10.178 0.720 8.190 11.680
lntrade Traded goods (100 million yuan) logarithm 420 7.465 1.638 3.345 11.282
secind Percentage of secondary industry 420 0.471 0.079 0.193 0.615
lnpoinvest Investment in industrial pollution control (10,000 yuan) logarithm 420 11.676 1.060 7.561 14.164
gdpgrowth GDP growth rate 420 0.115 0.029 −0.025 0.238
struc Output value of non-pilot industries/output value of pilot industries 420 1.663 0.803 0.307 4.010
tech Regional industrial energy consumption/Gross industrial output value (tons of standard coal/10,000 yuan) 420 0.218 0.262 0.006 3.774

TABLE 2 | Impact of carbon trading on regional industrial carbon emissions: Benchmarking and regression.

(1) (2) (3) (4) (5) (6)

Regional industrial carbon emissions Regional industrial carbon intensity

Carbon trading −0.239*** −0.387**
(−2.872) (−2.199)

Carbon trading x carbon pricing −0.070** −0.125**
(−2.621) (−2.400)

Carbon trading × quota-turnover ratio −10.154*** −10.818
(−3.307) (−1.647)

lnpergdp −0.030 0.038 0.133 −14.831*** −14.830*** −14.265***
(−0.041) (0.052) (0.190) (−5.716) (−5.778) (−5.500)

lnpergdp2 0.021 0.016 0.013 0.562*** 0.559*** 0.534***
(0.614) (0.486) (0.400) (4.026) (4.095) (3.794)

lntrade 0.001 −0.011 −0.024 0.185 0.168 0.144
(0.019) (−0.243) (−0.560) (0.903) (0.856) (0.796)

gdpgrowth 0.685 0.641 0.608 11.790*** 11.813*** 11.380***
(0.790) (0.738) (0.721) (3.181) (3.179) (3.058)

lnpoinvest 0.075*** 0.074*** 0.086*** −0.092 −0.094 −0.075
(2.988) (2.987) (3.229) (−0.936) (−0.952) (−0.774)

secind 0.627 0.676* 0.791* 1.832 1.900 2.069
(1.572) (1.701) (1.941) (1.003) (1.049) (1.131)

Year effect Yes Yes Yes Yes Yes Yes
Province effect Yes Yes Yes Yes Yes Yes
N 420 420 420 420 420 420
r2 0.854 0.853 0.858 0.800 0.801 0.799

Notes: ① t-values are in parentheses, using province clustered standard errors; ② significance levels are ***p < 0.01, **p < 0.05, *p < 0.1.
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emissions trading, reductions in regional industrial carbon
emissions grew year on year.

Predicted Efficacy and Impacts at Different
Stages
To ensure the reliability of the research results, this paper
distinguished between the planning and construction period
(2011–2012) and the formal trading period (2013–2016) when
examining the impact of the predicted efficacy on the regression
results. Prior to the pilot provinces launching formal carbon
emissions trading in 2013, the National Development and Reform
Commission issued a document in 2011 specifying the seven pilot
provinces and cities. This may have enabled companies to form
expectations before the official launch of carbon emissions
trading and adjust their production and investment behavior
accordingly. If there were a systematic difference in their adjusted
behavior in pilot provinces and non-pilot provinces, it would lead
to bias in the estimation results. To control the impact of
enterprise expectations on the research results, this study
established Eq. 2 and Eq. 3, and in regression Eq. 1, an
interaction term between the pilot provinces and the planning
and construction period (2011–2012) is added. The
corresponding regression results are shown in Table 3.

Table 3 shows that the regression coefficient of carbon
emissions trading barely changed after adding the expectation

term during the planned construction period. In addition, the
planned construction period coefficient was not significant. This
indicates that although the carbon market was in the planning
and construction stage in 2011 and 2012, because there were no
substantial transactions at this stage and the pilot areas did not
issue management documents on the carbon market, it remained
unclear which industries and companies would be included in the
carbon market and which methods would be used to issue
allowances. As a result, at that stage, carbon emissions trading
policies did not substantially impact the carbon emissions
behavior of companies that adopted a wait-and-see attitude. In
2013, after the carbon emissions trading market was officially
launched, relevant policy documents in pilot areas gradually
improved. Only then did companies receive information on
carbon market pricing and quota-turnover ratios, which they
used to adjust their carbon emissions decision-making and
behavior accordingly, which led to a reduction in regional
industrial carbon emissions. This verifies Hypothesis 2.

Mechanism Verification of Carbon Trading
Reducing Regional Industrial Carbon
Emissions
In our analysis of the mechanism of action, we stated that
carbon emissions trading policies could optimize regional
industrial structures (structural effect) and give rise to new

FIGURE 5 | The Impact of Carbon Trading on Regional Industrial Carbon Emissions: Dynamic Effect. Note: The vertical lines in the graphs represent the 95%
confidence interval of the estimated regression coefficient.
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energy technologies (technological effect), resulting in a
reduction in regional industrial carbon emissions and
carbon intensity (Yang et al., 2021b). It can be seen from

the results of the benchmarking and regression that carbon
emissions trading can significantly reduce regional industrial
carbon emissions, but the mechanism of action has not yet

TABLE 3 | Impact of carbon emissions trading on regional industrial emissions at different stages.

(1) (2) (3) (4) (5) (6)

Regional industrial carbon emissions Regional industrial carbon intensity

Carbon trading 2011–12 −0.077 −0.065 −0.027 −0.139 −0.136 −0.024
(−1.360) (−1.019) (−0.620) (−0.722) (−0.700) (−0.178)

Carbon trading 2013 −0.261** −0.427*
(−2.715) (−1.902)

Carbon trading × Carbon price −0.075** −0.136*
(−2.427) (−2.043)

Carbon trading × Quota-turn-over ratio −10.297*** −10.945
(−3.143) (−1.579)

lnpergdp −0.124 −0.034 0.116 −15.000*** −14.981*** −14.280***
(−0.169) (−0.047) (0.167) (−5.655) (−5.728) (−5.460)

lnpergdp2 0.025 0.019 0.013 0.569*** 0.565*** 0.534***
(0.741) (0.582) (0.421) (4.049) (4.126) (3.788)

lntrade 0.004 −0.010 −0.024 0.191 0.171 0.145
(0.074) (−0.207) (−0.557) (0.901) (0.853) (0.794)

gdpgrowth 0.708 0.655 0.604 11.830*** 11.842*** 11.377***
(0.818) (0.755) (0.716) (3.188) (3.184) (3.054)

lnpoinvest 0.071*** 0.071*** 0.085*** −0.099 −0.101 −0.076
(3.032) (3.045) (3.305) (−0.978) (−0.990) (−0.774)

secind 0.628 0.681* 0.796* 1.834 1.910 2.074
(1.567) (1.702) (1.936) (1.006) (1.055) (1.127)

Year effect Yes Yes Yes Yes Yes Yes
Province effect Yes Yes Yes Yes Yes Yes
N 420 420 420 420 420 420
r2 0.855 0.853 0.858 0.801 0.801 0.799

Notes: ① t-values are in parentheses, using province clustered standard errors; ② significance levels are ***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 4 | Mechanism verification of the impact of carbon trading on regional industrial carbon emissions.

(1) (2) (3) (4)

Regional industrial Carbon emissions Structural effect Technological effect

Carbon trading −0.239*** −0.191** 0.314** −0.097**
(−2.872) (−2.333) (2.119) (−2.527)

Structural effect −0.099
(−1.633)

Technological effect 0.168*
(1.782)

lnpergdp −0.030 0.671 2.502** −2.700***
(−0.041) (0.940) (2.507) (−3.701)

lnpergdp2 0.021 −0.006 −0.096* 0.102***
(0.614) (−0.179) (−1.771) (3.349)

lntrade 0.001 0.004 0.065 0.023
(0.019) (0.077) (0.502) (0.624)

gdpgrowth 0.685 0.217 −2.117 1.541*
(0.790) (0.282) (−1.512) (1.976)

lnpoinvest 0.075*** 0.068*** −0.122* −0.032
(2.988) (3.205) (−1.983) (−1.249)

secind 0.627 0.568 0.326 0.540
(1.572) (1.670) (0.340) (0.951)

Year effect Yes Yes Yes Yes
Province effect Yes Yes Yes Yes
N 420 420 420 420
r2 0.854 0.867 0.323 0.543

Notes: ① t-values are in parentheses, using province clustered standard errors; ② significance levels are ***p < 0.01, **p < 0.05, *p < 0.1.
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been empirically verified. According to Li et al. (2022), there
exists some problems in using mediating-effects analysis in
causal relationships analysis, however, according to Jiang
(2022), we could still use mediating-effects analysis based
on the characteristics of our sample and objective of our
analysis. Using the intermediary effect method, consisting
of a three-step process, this study empirically verified how
carbon emissions trading reduces regional industrial carbon
emissions.

Tables 4, 5 show the results of the intermediary effect tests.
They show that carbon emissions trading can reduce regional
industrial carbon emissions by increasing the ratio of the output
of non-pilot industries and pilot industries in a region, optimizing
the regional industrial structure, and promoting the creation of
energy use technologies by industries, thereby reducing energy
consumption per unit of output value. Regardless of whether one
takes regional industrial carbon emissions or regional industrial
carbon intensity as the explanatory variable, after adding the two
intermediary variables of structural effect and technological
effect, the absolute value and significance of the carbon
trading policy coefficient are reduced. The difference is that
for the reduction of regional industrial carbon intensity, the
structural effect and technological effect both play a role, but
for the reduction of regional industrial carbon emissions, the
structural effect is not significant. This shows that if the goal is to
reduce total regional industrial carbon emissions, the key is to
utilize the role of carbon emissions trading to promote regional
technological innovation to improve energy efficiency and reduce
energy consumption per unit of industrial output value.
The result is consistent with Hu et al. (2020). It verifies
Hypothesis 3.

Analysis of Industry Heterogeneity of the
Effect of Carbon Trading on Carbon
Emissions
This study used panel data for 35 industries in 30 regions from
2003 to 2016 to analyze industry heterogeneity more accurately to
establish a difference-in-difference-in-difference (DDD) fixed
effects model.

emissionitj � α0 + α1carbontrading × pilotindustry

+α2carbontrading

+α3pilotindustry × policydate

+ α4pilotprovince × pilotindustry
+ α5policydate + α6pilotprovince

+α7pilotindustry

+∑
j

αjcontrolit + γt + μi + δj + εit (5)

We first established a DDDmodel to analyze the impact of carbon
emissions trading on industrial carbon emissions and carbon
intensity. α1 is the coefficient of the DDD term that this article
focused on. If α1 is significantly negative, it means that carbon
emission rights trading has effectively promoted a reduction in
carbon emissions among industries in pilot provinces. The seven
industries covered by the carbon trading pilot are traditional high-
energy-consuming and low-efficiency industries in China. Those
industries have far more significant difficulties reducing carbon
emissions and achieving decarbonization than other industries,

TABLE 5 | Mechanism verification of the impact of carbon trading on regional industrial carbon intensity.

(1) (2) (3) (4)

Regional industrial Carbon intensity Structural effect Technological effect

Carbon trading −0.387** 0.018 0.314** −0.236**
(−2.199) (0.118) (2.119) (−2.500)

Structural effect −0.524***
(−3.693)

Technological effect 1.016***
(9.819)

lnpergdp −14.831*** −8.602*** 2.502** −4.840***
(−5.716) (−4.846) (2.507) (−2.796)

lnpergdp2 0.562*** 0.343*** −0.096* 0.166**
(4.026) (3.119) (−1.771) (2.441)

lntrade 0.185 0.125 0.065 0.093
(0.903) (0.886) (0.502) (1.054)

gdpgrowth 11.790*** 7.583** −2.117 3.049
(3.181) (2.197) (−1.512) (1.696)

lnpoinvest −0.092 −0.088 −0.122* −0.067
(−0.936) (−1.274) (−1.983) (−1.147)

secind 1.832 0.804 0.326 1.180
(1.003) (0.777) (0.340) (0.795)

Year effect Yes Yes Yes Yes
Province effect Yes Yes Yes Yes
N 420 420 420 420
r2 0.800 0.909 0.323 0.454

Notes: ① t-values are in parentheses, using province clustered standard errors; ② significance levels are ***p < 0.01, **p < 0.05, *p < 0.1.
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which may mean that carbon emissions trading is less effective at
reducing carbon emissions in the pilot industries than in average high-
carbon industries. Therefore, this article identified two DDD terms:
the interaction term of carbon tradingDID and pilot industry and the
interaction term of carbon trading and high-carbon industry (an
industry with carbon intensity above the median). In addition, this
study added the individual terms and paired interaction terms of pilot
provinces, policy date, and pilot industries/high-carbon industries to
the model to control the fixed effects of provinces, industries,
and years.

The results of the DDD regression in Table 6 show that carbon
emissions trading is significantly more effective at reducing
industrial carbon emissions in high-carbon industries than in
low-carbon industries. However, there is no evidence that carbon
emissions trading reduces carbon emissions more in pilot
industries than in other industries.

Could the reason that carbon emissions trading policies had
less effect in reducing carbon emissions among pilot industries
than among high-carbon industries be because it is easier for non-
pilot industries that are high-carbon to reduce their total carbon
emissions and carbon intensity? To further analyze the
heterogeneity between industries, this study distinguished
industries in the carbon trading pilot, high-carbon emitting
industries not in the carbon trading pilot, and low-carbon
emitting industries and ran a sub-sample regression. The
results are shown in Table 7.

Table 7 shows that carbon emissions trading is ineffective at
reducing carbon emissions among low-carbon industries. The
coefficient is insignificant for reducing the total emission volume
of emission intensity. Carbon emissions trading effectively reduced
emissions among industries in the carbon trading pilots and high-
carbon industries which not in the pilots, but the reduction in

TABLE 6 | DDD analysis of the impact of carbon trading on regional industrial carbon emissions.

Logarithmic model (1) (2) (3) (4)

Industrial carbon emissions Industrial carbon intensity

Carbon trading × Pilot industries −0.139 −0.061
(−0.809) (−0.367)

Carbon trading ×High-carbon industries −0.288* −0.281*
(−1.840) (−1.681)

Carbon trading −0.059 0.068 0.026 0.197
(−0.440) (0.436) (0.123) (0.786)

Pilot industries × Policy date 0.348*** 0.398***
(5.482) (5.876)

Pilot provinces ×Pilot industries −0.242* −0.115
(−1.732) (−1.008)

High-carbon industries ×Policy date 0.274*** 0.427***
(3.662) (4.946)

Pilot provinces × High-carbon industries −0.399*** 0.344**
(−2.622) (2.557)

Policy date −0.166 −0.220 −1.936*** −2.083***
(−0.503) (−0.652) (−4.344) (−4.561)

Pilot provinces 0.106 0.274** 0.165 −0.077
(0.827) (1.979) (1.447) (−0.525)

Pilot industries 3.092*** 1.841***
(10.881) (8.663)

High-carbon industries 4.326*** 1.700***
(10.977) (4.358)

lnpergdp 1.415 1.492 1.449 1.336
(1.139) (1.200) (0.853) (0.799)

lnpergdp2 −0.089 −0.094 −0.075 −0.070
(−1.458) (−1.526) (−0.924) (−0.872)

lntrade 0.240*** 0.240*** −0.273*** −0.273***
(5.058) (5.019) (−5.305) (−5.371)

gdpgrowth −1.875 −1.816 −6.159*** −6.119***
(−1.005) (−0.971) (−2.790) (−2.760)

lnpoinvest 0.236*** 0.238*** −0.026 −0.028
(3.295) (3.275) (−0.330) (−0.353)

secind 2.139*** 2.177*** 0.173 0.146
(2.793) (2.846) (0.158) (0.133)

Industry effect Yes Yes Yes Yes
Time effect Yes Yes Yes Yes
N 9901 9901 9888 9888
Number of industries 35 35 35 35
Number of provinces 30 30 30 30
r2_w 0.791 0.792 0.774 0.774

Notes: ① t-values are in parentheses, using province clustered standard errors; ② significance levels are ***p < 0.01, **p < 0.05, *p < 0.1.
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industrial carbon emissions among the latter was more significant
than among the former. This is consistent with this study’s analysis
and the DDD result. During the mechanism verification, we found
that both the structural effect and technological effect played a role in
reducing industrial carbon intensity, but the structural effect was not
significant in reducing the volume of industrial carbon emissions.
The structure effect variable in this article is the ratio of the output
value of non-pilot industries to the output value of pilot industries.
The results of our analysis of industry heterogeneity in this section
indicate that carbon emissions trading has a more significant impact
on high-carbon industries than low-carbon industries, but the
impact on pilot industries is not the most significant among all
industries. This verifies Hypothesis 4.

ROBUSTNESS TESTING

Eliminating Interference From Other
Environmental Policies
To control environmental pollution, countries use a variety of policy
measures in addition to carbon emissions trading. In the benchmarking
and regression, this study controlled the influence of government
investment in controlling industrial pollution, but the parallel
“environmental rights trading” scheme may still influence the
estimated results. This study added various regional economic
characteristics and the 2007 Chinese government’s policy of
expanding pollution trading pilots as a proxy variable for other
market-based environmental policies to eliminate the impact of
pollution trading on the estimation results. The regression results are
shown in columns (1) and (3) of Table 8. It can be seen that after

controlling the impact of pollution trading, the carbon emissions trading
policy coefficient is still significant, and the absolute value is close to the
benchmarking and regression. The impact of pollution trading on
reducing regional industrial carbon emissions is insignificant.

During its 12th Five-Year Plan period (2011–2015), China set
a national carbon emission reduction target and assigned carbon
intensity reduction targets to 31 regions across the country, and
these were continued during the 13th Five-Year Plan period
(2016–2020). It should be noted that, in order not to affect
overall economic development, China did not set regional
targets on total carbon emissions reductions. There were
significant differences in carbon intensity reduction targets
between regions, ranging from 10% to 19.5% (during the 12th
Five-Year Plan period) and 12%–20.5% (during the 13th Five-
Year Plan period). Not only did carbon intensity reduction targets
become more stringent, but the number of provinces and cities in
the highest target level also increased. To control the impact of
carbon intensity reduction targets in various regions, this study
controlled the reduction target (%) of CO2 emissions per unit of
GDP in each region from 2011 to 2016 and regressed the
benchmark Eq. 1. The results are shown in columns (2) and
(4) of Table 8. They show that after adding carbon intensity
reduction targets as a control variable, the absolute value of the
carbon emission coefficient does indeed decrease, but it is still
significantly negative. In addition, carbon intensity reduction
targets significantly reduce regional industrial carbon intensity,
but because the targets are mainly aimed at carbon intensity
rather than the total volume of regional carbon emissions, the
coefficient of the impact of targets on regional industrial carbon
emissions is negative with no statistical significance.

TABLE 7 | Impact of carbon trading on carbon emissions in different industries.

Logarithmic model (1) (2) (3) (4) (5) (6)

Industrial carbon emissions Industrial carbon intensity

Pilot industries Non-pilot high-carbon
industries

Low-carbon
industries

Pilot industries Non-pilot high-carbon
industries

Low-carbon
industries

Carbon trading −0.338** −0.391*** −0.141 −0.228* −0.336** 0.047
(−2.165) (−3.298) (−0.908) (−1.722) (−2.539) (0.236)

lnpergdp 0.192 0.352 −1.922 0.118 −2.659 −2.115
(0.161) (0.251) (−1.642) (0.108) (−1.493) (−1.461)

lnpergdp2 −0.005 −0.002 0.102* −0.040 0.087 0.073
(−0.092) (−0.028) (1.670) (−0.742) (0.951) (0.994)

lntrade 0.165 −0.068 0.099 0.018 −0.089 −0.271**
(1.486) (−0.684) (1.265) (0.169) (−0.498) (−2.165)

gdpgrowth 2.062** 0.819 0.403 1.132 −0.155 −2.690
(2.067) (0.781) (0.248) (1.250) (−0.081) (−1.322)

lnpoinvest 0.082** −0.066 0.011 0.023 0.033 0.019
(2.036) (−1.292) (0.202) (0.662) (0.458) (0.276)

secind 0.879 1.013 2.226*** −0.794 −0.814 1.114
(1.108) (1.186) (3.740) (−1.193) (−0.587) (1.414)

Province effect Yes Yes Yes Yes Yes Yes
Industry effect Yes Yes Yes Yes Yes Yes
Time effect Yes Yes Yes Yes Yes Yes
N 2871 3341 3689 2869 3333 3686
Number of industries 7 11 17 7 11 17
Number of provinces 30 30 30 30 30 30
r2_w 0.782 0.481 0.464 0.772 0.630 0.631

Notes: ① t-values are in parentheses, using province clustered standard errors; ② significance levels are ***p < 0.01, **p < 0.05, *p < 0.1.
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Placebo Testing the Experiment Group
To test whether the results of this study are driven by unobservable
factors at the province or year level, based on the study by Hu et al.
(2020), we conducted a placebo test by randomly assigning provinces
as provinces involved in the carbon trading pilots. Specifically, six
provinces from 30 were randomly selected as the experimental group.
It was assumed that these six provinces implemented the carbon
trading pilot and the others were the control group. We performed

400 random samplings, and benchmarking regression was conducted
according to Eq. 1. Figure 6 reports the mean value of regression
estimates after 400 random allocations. It was found that most
estimated coefficients are concentrated near the zero point, the
p-values are mostly greater than 0.1, and the regression coefficients
are not statistically significant. The true estimated coefficient of the
carbon emissions trading policy was an obvious outlier in the placebo
test. These results indicate that the probability that the previous

TABLE 8 | Impact of carbon trading on carbon emissions excluding interference from other environmental policies.

(1) (2) (3) (4)

Regional Industrial Carbon Emissions Regional Industrial Carbon Intensity

Carbon trading −0.239*** −0.171*** −0.386** −0.187***
(−2.862) (−3.762) (−2.173) (−3.579)

Emission rights trading 0.002 −0.070
(0.052) (−0.234)

Carbon intensity reduction targets −0.008 −0.052*
(−0.331) (−1.880)

Control variable Yes Yes Yes Yes
Year effect Yes Yes Yes Yes
Province effect Yes Yes Yes Yes
N 420 180 420 180
r2 0.854 0.220 0.801 0.744

Notes: ① t-values are in parentheses, using province clustered standard errors; ② significance levels are ***p < 0.01, **p < 0.05, *p < 0.1.

FIGURE 6 | Placebo Test of the Impact of Carbon Trading on Carbon Emissions Excluding Interference. Notes: The X-axis represents the estimated coefficients
from 400 randomly assigned carbon trading DID items. The curve is the kernel density distribution of the estimated coefficients. The points are the p-values of the
estimated coefficient. The vertical dashed lines are the true estimates, and the horizontal dashed lines represent the 10% significance level.
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estimation results are caused by unobservable province or year factors
is very low, so the conclusions of this study are robust.

This study also conducted propensity score matching (PSM)-
DID estimation and robustness tests involving a virtual official
launch date of carbon emissions trading, the influence of the
length of sample interval, the use of substitute variables for
industrial carbon emission reduction, the impact of an
economic crisis, lagged control variables by one period, DID
estimates for two periods, and the influence of space-related
factors. The results of all these tests indicate that the
conclusions of this study are robust.

CONCLUSION AND POLICY
RECOMMENDATIONS

This study has produced four main conclusions. First is that carbon
emissions trading can significantly promote a reduction in industrial
carbon emissions, including the total volume of carbon emissions and
carbon emissions per unit of industrial output value (carbon intensity).
The empirical results from introducing the annual average price of
carbon trading and the quota-turnover ratio show that the higher the
intensity of regulation in a given year, the greater the effect of carbon
emissions trading policies. Second, during the planning and
preparation stage from 2011 to 2012, carbon emissions trading was
ineffective, and only after formal trading started in 2013 did regional
industrial carbon emissions decline, with reductions growing year on
year. Third, carbon emissions trading achieves both environmental
and economic benefits by increasing the ratio of the industrial output
of non-pilot industries to pilot industries, promoting regional
industrial restructuring and energy-related technological innovation,
and reducing energy consumption per unit of output value.Moreover,
it was found that the structural effect is not statistically significant in
reducing regional industrial carbon emissions. Fourth, the effect of
carbon emissions trading policies in promoting a reduction in
industrial carbon emissions is heterogeneous across industries, as
industries with different carbon intensities have different sensitivity to
carbon emissions trading policies.

Based on the research conclusions of this study, we propose the
following policy recommendations to better utilize the advantages and
functions of the market and improve modern environmental
governance systems to achieve green, low-carbon development. First,
it is recommended to carry out policy innovations in the areas of trading
rules, transaction types, participants, and thresholds. This will
continuously improve carbon emissions trading policies and create
truly effective carbon pricing that will increase the enthusiasm and
motivation of enterprises to participate in themarket. Our research also
shows that ensuring primary market quotas are not exceeded,
secondary market prices are effectively transmitted, and there is
clear adherence to rules and dispute resolution mechanisms will
maximize the efficacy of carbon emissions trading policies. Given
the reality that China’s carbon market pricing is far lower than
other major international and regional carbon markets, it has a low
quota-turnover ratio, and it lacks liquidity, it is important to increase the
effectiveness of the carbonmarket and accelerate the transition from the
pilot market to the national unified carbon market by expanding the
industry coverage of the national carbon market, formulating a unified

system, introducing higher-level and more innovative policies and
regulations. The second is to utilize the role of local governments in
promoting reductions in regional industrial carbon emissions,
particularly focusing on their key role in reducing regional industrial
carbon intensity. This study indicates that the structural effect of carbon
emissions trading policies is not significant in promoting a reduction in
regional industrial carbon emissions and that the reduction effect of
carbon trading is slightly greater among high-carbon non-pilot
industries than among pilot industries. Therefore, it is even more
important to use the power of local governments to introduce
supporting systems to maximize the structural effect (structural
optimization) and technological effect (energy technology
innovations) of carbon emissions trading policies. For example,
governments could provide the industries with high carbon intensity
and have difficulty decarbonizing with preferential policies, tax
incentives, and financial subsidies to guide them to save energy and
produce technological innovations. This would fully utilize the
government’s synergistic role in reducing industrial carbon
emissions. Our third policy recommendation is to use the
experience of carbon emissions trading policies to establish an
environmental rights trading market. Although emissions trading
was introduced relatively early in China, excessive government
intervention, strict access, and long compliance periods have meant
that companies are not incentivized, so emission reduction effects have
been unsatisfactory. Carbon emissions trading policies are based on an
independent, enterprise-driven market model with low transaction
costs, so to achieve a long-term reduction in regional industrial
carbon emissions, government intervention must be gradually
reduced, various investment entities should be allowed to participate
in transactions, and companies should have clear expectations and
economic incentives when joining a carbon emissions trading market.
This will ultimately lead to the construction of an environmental rights
trading market with a unified framework covering pollution rights and
carbon emission rights.
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